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(54) ALUMINUM ALLOY FOR FORGING, AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To open up, for an Al-Si alloy having sufficiently 
reduced grain size of an intermetallic compound, avenues of use capable of 
exhibiting its usefulness. 

SOLUTION: The aluminum alloy for forging has a composition containing aluminum 
as a primary component and also containing at least <12 wt.% Si component and 
0.7 wt.%, in total, of element components forming a refractory intermetallic 
compound together with aluminum, and also an average grain size of the 
intermetallic compound is <10 U m. Particular attention is paid to the fact that 
ductility at the time of forging can be increased and cracking can be inhibited by 
making the average size of the intermetallic compound to <10 p. m and, as a 
result, forgeability can be improved, and this alloy can be used in the form of a 
forged product. 
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CLAIMS 



[Claim(s)] 

[Claim 1]Make aluminum into a fundamental component and at least A Si component of less than 12% of weight 
percentage, An aluminum alloy for a forge which contains an element ingredient which makes 0.7% or more of aluminum 
and a high-melting point intermetallic compound of a weight percentage in total, and is characterized by average size of 
particles of said high-melting point intermetallic compound being 10 micrometers or less. 

[Claim 2]With aluminum of a fundamental component, at least A Si component of less than 12% of weight percentage, In 
an aluminum alloy for a forge produced by solidifying after fusing an element ingredient which makes 0.7% or more of 
aluminum and a high-melting point intermetallic compound of a weight percentage in total, An aluminum alloy for a forge 
average size of particles of said high-melting point intermetallic compound being 10 micrometers or less by stirring said 
melting alloy [ near the coagulation temperature ] in a cooling process which cools a melting alloy to coagulation 
temperature. 

[Claim 3]With aluminum of a fundamental component, at least A Si component of less than 12% of weight percentage, In a 
manufacturing method of an aluminum alloy for a forge solidified after fusing an element ingredient which makes 0.7% or 
more of aluminum and a high-melting point intermetallic compound of a weight percentage in total, A manufacturing 
method of an aluminum alloy for a forge stirring said melting alloy [ near the coagulation temperature ] in a cooling 
process which cools a melting alloy to coagulation temperature. 

[Claim 4]A forging method of a product which consists of an aluminum alloy for a forge forging within a forging die what 
was forged after heating the aluminum alloy for a forge according to claim 2 to prescribed temperature below melting 
temperature in a forging die, or heated to prescribed temperature below melting temperature out of a forging die. 
[Claim 5]A piston for internal-combustion engines which consists of the aluminum alloy for a forge according to claim 1. 
[Claim 6]A cylinder bush for internal-combustion engines which consists of the aluminum alloy for a forge according to 
claim 1. 

[Claim 7]A cylinder block for internal-combustion engines which casts the cylinder bush according to claim 6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to an aluminum alloy for a forge, and a manufacturing method for the same 
[0002] 

[Description of the Prior Art]As a material exposed to elevated-temperature heavy loads molded by forge, such as the 
piston and cylinder bush of an internal-combustion engine, and a connecting rod, while hot fatigue strength and abrasion 
resistance are excellent, a material excellent in the forgeability which can mold light-gage shape is required. 
[0003]An aluminum (aluminum) alloy was used as a piston material of the former, for example, an internal-combustion 
engine. It is planning improving the abrasion resistance and baking-proof nature which silicon (Si) is added by this 
aluminum alloy, make crystallize a hard primary phase or eutectic silicon particles in a metal texture, and are required of 
the sliding surface of a piston. 

[0004]Such an aluminum alloy is in the state of the ingot of an alloy, or melting is carried out all over a fusion furnace in 
the state of the ingot for every ingredient, or powder, Cooling coagulation of this is carried out and it pulls out as a 
continuous casting object of round bar shape, and this is cut, a billet is formed, this billet is supplied in a mold, and forge 
molding of the piston is carried out. 
[0005] 

[Problem(s) to be Solved by the Invention]However, the content of silicon is less than about 12% of case in a weight 
percentage, In the case where the elements (Fe, Mn, Cr, Ti, V, Zr, etc.) which make the intermetallic compound of 
aluminum and a high-melting point are contained, As shown in the aluminum-Si constitutional diagram of drawing 9 . the 
primary crystal silicon of a high-melting point does not deposit, but primary phase aluminum deposits, and the grain size 
of the intermetallic compound of this aluminum influences the characteristic of a metal texture. 

[0006]In the conventional aluminum alloy manufacturing method, the particles of this intermetallic compound grow by a 
cooling process, become 20 micrometers or a size beyond it, and are scattered all over eutectic structure. Thus, if the 
grain size of an intermetallic compound is large, stretch of an organization is small, a crystal breaks easily, forgeability 
falls, and crystal grain child size will become uneven and abrasion resistance will fall. 

[0007]When pulling out as a continuous casting object from a fusion furnace furthermore, in order that temperature 
distribution may arise in the circumference and the central part of a round bar, the circumference may be cooled quickly, 
it may solidify previously and the central part may solidify late, the particles of the central part grow further, and become 
large, and grain size becomes still more uneven. 

[0008]On the other hand, by performing an agitation action by the cooling process of a melting alloy, stirring distribution 
of the core of a crystal is carried out, a cooling action is raised, and it is known that a crystal grain child's growth will be 
controlled. Therefore, in aluminum-Si alloy, it is possible by performing an agitation action by the cooling process of a 
melting alloy that grain size of an intermetallic compound can be made small [ enough ] to about 10 micrometers or less. 
[0009]However, the use which can demonstrate the usefulness is not known about aluminum— Si alloy which made grain 
size of such an intermetallic compound small enough. 

[0010]This invention is a thing in consideration of the above-mentioned point, and is ****. The purpose is offer of the 
aluminum alloy which developed the use which can demonstrate the usefulness about aluminum-Si alloy which made grain 
size of ** small enough. 

[0011] 

[Means for Solving the Problem]In order to attain said purpose, in this invention, make aluminum into a fundamental 
component and at least A Si component of less than 12% of weight percentage, An element ingredient which makes 0.7% 
or more of aluminum and a high-melting point intermetallic compound of a weight percentage in total is contained, and an 
aluminum alloy for a forge, wherein average size of particles of said high-melting point intermetallic compound is 10 
micrometers or less is provided. 

[0012]Namely, by containing in total elements (Fe, Mn, Cr, Ti, V, Zr, etc.) which make aluminum and a high-melting point 
intermetallic compound from this invention 0.7% or more, and average size of particles of this high-melting point 
intermetallic compound being 10 micrometers or less, Paying attention to a point that ductility at the time of a forge is 
improved, a crack is controlled and forgeability is improved, an aluminum alloy for a forge used as a forged product is 
provided. 

[0013]Furthermore by this invention, with aluminum of a fundamental component, at least A Si component of less than 
12% of weight percentage, In an aluminum alloy for a forge produced by solidifying after fusing an element ingredient which 
makes 0.7% or more of aluminum and a high-melting point intermetallic compound of a weight percentage in total, In a 
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cooling process which cools a melting alloy to coagulation temperature, an aluminum alloy for a forge average size of 
particles of said high-melting point intermetaHic compound being 10 micrometers or less is provided by stirring said 
melting alloy [ near the coagulation temperature ]. 

[0014]Thus, by a cooling process of a melting alloy, average size of particles of a high-melting point intermetaHic 
compound can be 10 micrometers or less certainly by performing an agitation action near the coagulation temperature of 
a melting alloy. 

[0015]Furthermore by this invention, with aluminum of a fundamental component, at least A Si component of less than 
12% of weight percentage, In a manufacturing method of an aluminum alloy for a forge solidified after fusing an element 
ingredient which makes 0.7% or more of aluminum and a high-melting point intermetaHic compound of a weight percentage 
in total, In a cooling process which cools a melting alloy to coagulation temperature, a manufacturing method of an 
aluminum alloy for a forge stirring said melting alloy [ near the coagulation temperature ] is provided. 

[0016]By this method, average size of particles of a high-melting point intermetaHic compound can be 10 micrometers or 
less certainly as mentioned above. 

[001 7] Furthermore, after heating the above-mentioned aluminum alloy for a forge to prescribed temperature below 
melting temperature in a forging die, it forges of this invention, Or a forging method of a product which consists of an 
aluminum alloy for a forge forging within a forging die what heated to prescribed temperature below melting temperature 
out of a forging die is provided. 

[0018]After heating according to this composition to such an extent that an aluminum alloy for a forge is not fused, in 
order to forge, forgeability is improved further. 

[0019]There is a piston for internal-combustion engines as an example of a forge use of the above-mentioned aluminum 
alloy for a forge. 

[0020]There is a cylinder bush for internal-combustion engines as another example of the above-mentioned aluminum 
alloy forge use for a forge. 

[0021]A cylinder bush using an aluminum alloy of this invention is cast, and a cylinder block for internal-combustion 

engines is constituted. 

[0022] 

[Embodiment of the lnvention] Drawing 1 is a lineblock diagram of an example of the internal-combustion engine with 
which this invention is applied. This example shows the four stroke cycle engine 1. It is pressed fit or cast, the inner 
surface of the cylinder block 2 is equipped with the cylinder bush 3, and the piston 4 slides on the inner surface. The 
piston 4 is connected with the crankshaft 8 via the piston pin 5, the connecting rod 6, and the crank arm 7. The inlet pipe 
9 and the exhaust pipe 10 are connected to the upper cylinder head part of the cylinder block 2, and it is equipped with 
the inlet valve 11 and the exhaust valve 12, respectively. It is equipped with the throttle 13 and the fuel injection valve 14 
on the inlet pipe 9. 15 is a spark plug. The valve escape 16 is formed in the upper surface of the piston 4. 
[0023]In order that such the piston 4, the cylinder bush 3, or connecting rod 6 grade of the engine 1 may operate by an 
elevated-temperature high rotational with an engine high increase in power, while sufficient heat resistance, abrasion 
resistance, and intensity are required, the forgeability at the time of manufacture is required. The aluminum alloy which 
fills such a demand with this invention is provided. 

[0024] Drawing 2 is a lineblock diagram of the fusion furnace for manufacturing the aluminum alloy for a forge concerning 
this invention, and drawing 3 is a flow chart which shows the process of manufacturing a forging with this aluminum alloy 
for a forge. 

[0025]As shown in drawing 2 . the molten metal 20 which the heater 19 was wound around the circumference of the 
fusion furnace 18 which has the entrance slot 17 in the upper part, and the inside fused is heated. The fused alloy 
(molten metal) 20 is drawn out by the roller 21 as the continuous casting object 23 of cylindrical solid cylindrical shape 
from the pars basilaris ossis occipitalis of the fusion furnace 18, being cooled. When pulling out such a solid continuous 
casting object 23, since it is cooled from the circumference of a round bar, cooling of the central part is overdue, as A 
shows, temperature distribution arises and the state where the circumference is [ an inside ] a fluid in solid form is made. 
In this embodiment, the agitating equipment 24 which consists of an electromagnet or an ultrasonic wave oscillator near 
such a solidification position is formed, molten metal is stirred by electromagnetic induction or supersonic vibration, and 
the core of a crystal is distributed. While the temperature gradient of the central part and a peripheral part is eased by 
this, the temperature distribution A is controlled, a cooling rate is sped up, growth of particles is controlled and grain size 
becomes small, the product of the characteristic where the crystal grain child distributed uniformly and was stabilized is 
obtained. 

[0026]The flow chart in the case of manufacturing a forging using such an alloy is shown in drawing 3 . First, the ingot of 
aluminum-Si alloy of the presentation shown in Table 1 of the following which is one example of this invention alloy is 
prepared, and this is supplied from the entrance slot 17 of the fusion furnace 18 (drawing 2 ) (Step S1). 
[0027] 
[Table 1] 

mass% 



' Si 


Cu 


Mg 


Fe 


Mo 


Cr 


Ti 


Al 


10 .0-12.0 


4.0-4.6 


.0.5-0.7 


0.2-0.3 


0.2-0.3 


£0.1 


^0.2 


bal. 



[0028]In this case, the ingot of an alloy state may be thrown in, or the ingot or powder for every ingredient may be 
thrown in, and melting mixing may be carried out inside a fusion furnace. 

[0029]Next, this ingot is dissolved, and it is made to solidify, stirring molten metal with the agitating equipment 24 ( drawing 
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2), such as an electromagnet, as mentioned above, and distributing a core (Step S2). When a Si content is made into less 
than 12% with a weight percentage at this time, in connection with a temperature reduction, primary crystal silicon does 
not deposit, but the influence of silicon particles becomes small, and the influence of the particles of the intermetallic 
compound made between another side Fe, Mn, and Cr, Ti, and aluminum becomes large so that it may understand from 
the constitutional diagram of drawing 9 . In this example, since growth of an intermetallic compound is controlled by the 
agitation action, grain size is about 10 micrometers or less. 

[0030]In this case, as inoculation material of aluminum, by adding Lynn (P), sodium (Na), strontium (Sr), antimony (Sb), 
etc., the core of a crystal increases and the minuteness making of an intermetallic compound is promoted further. 
[0031] Although the example of 10.0-12.0 was shown as weight [ of Si ] %, 5% - 10% or less of 10% may be sufficient. 
[0032]Thus, the continuous casting object which set grain size of the intermetallic compound to about 10 micrometers or 
less is pulled out, being cooled naturally (Step S3), it is cut per forging, and a billet is formed (step S4). It is put into each 
billet by the mold and a forging is molded (Step S5). It is desirable to forge, after heating at this time to such an extent 
that the billet of an aluminum alloy is not fused (i.e., since it heats to the temperature which does not exceed eutectic 
temperature (about 570 **)). In this case, it may heat within a forging die, and ******** is also good after heating, or it 
may heat out of a forging die and this may be forged within a forging die. Thereby, forgeability is improved and a quality 
forging is obtained. 

[0033]Then, in order to raise the intensity of a forging, T6 processing of hardening annealing, etc. are heat-treated (Step 
S6), and it is machined, shape is prepared, and forging processing is ended (Step S7). 

r0034l Drawing 4 is a lineblock diagram of the mold of the piston forged using the aluminum alloy concerning 
above-mentioned this invention, and drawing 5 is a sectional view of the forged piston. 

[0035]As shown in drawing 4 , between the punch 27 which has the crevice 26 for the heights 25 corresponding to the 
valve escape 1 6 ( drawing 1 ), and the fibre flow formation for strengthening, and the bottom part 28 which consists of the 
frame mold 28a and the medium size 28b, The billet 29 which consists of an aluminum alloy for a forge concerning 
above-mentioned this invention is inserted. The shoulder of the medium size 28b is equipped with the ejector rod 30 for 
extracting this, after molding a forging, and the ejector rod 30 is driven by the oil hydraulic cylinder 30A. 
[0036]As shown in drawing 5 (A), the fibre flow 31 is formed in the piston material 32 after a forge according to the 
uneven shape of an outside, and, thereby, raw material intensity is raised to it. It is machined into such a piston material 
and forming of a top land, a ring groove, a piston pin hole, etc. is carried out, and the piston 33 is completed as shown in 
drawing 5 (B). 

F003 71 Drawing 6 is a sectional view of the cylinder block with which this invention is applied. It has the cooling water 
jacket 36, and it is pressed fit or cast and the inner surface of the cylinder block 34 with which the crankcase 37 was 
formed in the lower part is equipped with the cylinder bush 35. In order that the above-mentioned piston may slide over 
the inner surface of this cylinder bush 35, sufficiently large heat resistance, abrasion resistance, intensity, and forgeability 
are required like a piston also from this cylinder bush 35. Therefore, the forging forgeability was excellent in and heat 
resistance and abrasion resistance excelled [ forging ] in sufficient intensity is obtained by carrying out forge molding also 
with this cylinder bush using the aluminum alloy for a forge concerning above-mentioned this invention. The aluminum 
alloy for a forge of this invention may be used, and a connecting rod may be manufactured through a forge process. 
[003 81 Drawing 7 is a graph of the crack generation frequency of an intermetallic compound to the mean particle diameter 
of the intermetallic compound of aluminum-Si alloy. If mean particle diameter is set to about 10 micrometers or less as 
shown in a figure, the rate of a crack generation will fall rapidly. Therefore, as for the mean particle diameter of the 
intermetallic compound of the aluminum alloy for a forge concerning this invention, it is desirable that it is 10 micrometers 
or less. 

f003 91 Drawing 8 is a microphotograph of the aluminum alloy for a forge concerning this invention. (A) shows 100 times 
and (B) shows 400 times. A black part is an intermetallic compound and it was checked that the sizes of particles are 
almost uniformly scattered at about 10 micrometers or less. 
[0040] 

[Effect of the Invention]In the aluminum alloy which contains the element ingredient which makes aluminum of 0.7% or 
more of weight percentage, and a high-melting point intermetallic compound from a weight percentage in less than 12% of 
Si, and the sum total at this invention as explained above, By adding inoculation material still more preferably by stirring a 
melting alloy near the coagulation temperature, The mean particle diameter of an intermetallic compound can be 10 
micrometers or less, and by this, It excels in forgeability with heat resistance, and excels in abrasion resistance, and an 
aluminum alloy with high intensity is obtained, by forging using this aluminum alloy, the moldability of a thin-walled part is 
good and a forging with high reliability which excelled [ intensity ] in heat resistance and abrasion resistance highly is 
obtained. 

[0041]As such a forging, by forming the piston and cylinder bush of an internal-combustion engine, baking is not caused 
at the time of an elevated-temperature heavy load, but it excels in heat resistance and abrasion resistance, and the 
engine with which the reliable operation with strong intensity is attained is obtained corresponding to an engine high 
increase in power. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lineblock diagram of the engine with which this invention is applied. 
FD rawing 2l The lineblock diagram of the fusion furnace used by this invention. 
[Drawing 3] The flow chart of the forging manufacturing process of this invention. 
[Drawing 4] The lineblock diagram of the forging die used by this invention. 
[Drawing 5lT he sectional view of the piston forged using the mold of drawing 4 . 
[Drawing 6] The sectional view of the cylinder block with which this invention is applied. 
[Drawing 7l The graph of the crack generation frequency of an intermetallic compound. 
[Drawing 8] The microphotograph of the aluminum alloy concerning this invention. 
[Drawing 9] The constitutional diagram of aluminum-Si. 
[Description of Notations] 

An engine, 2:cylinder block, 3:cylinder bush, 4 : 1: A piston, A piston pin, 6:connecting rod, 7:crank arm, 8 : 5: A crankshaft, 
An inlet pipe, 10:exhaust pipe, 11 zinlet valve, 12:exhaust valve, 13 : 9: A throttle, A fuel injection valve, 15:spark plug, 
16:vaive escape, 17 : 14: An entrance slot, A fusion furnace, 19:heater, 20:molten metal, 21 roller, 23 : 18: A continuous 
casting object, 24: Agitating equipment, 25:heights, 26:crevice, 27:punch, 28:bottom part, 29:billet, 30:ejector rod, 31:fiber 
flow, 32:piston material, 33:piston, 34:cylinder block, 35:cylinder bush, 36:cooling jacket, 37 : crankcase. 



[Translation done.] 



http://ww4.ipdl. inpit.go.jp/cgi~bin/tran_web_cgi_ejje?atw_u=http% 



<i9)B#B#tw (jp) 02) & |fj fj= & # (a) inymnmimtft 

ttMPHl -335767 

(43)&IHB ¥J£11*P(1999)12J! 7 B 



C2 2C 21/02 

B 2 1 J 5/00 

B2 2D 21/04 

C 2 2 C 1/02 



■one* 



501 
5 0 3 



F I 

C22C 
B2 1 J 
B2 2D 
C22C 



21/02 
5/00 

21/04 
1/02 



amx wmvmn ol 



D 
A 

50 IB 
5 0 3 J 
i± 7 H) 



(21)tfiBt#^ 


mWlO- 144024 


(71)ffl«A 


000010076 














(22)ffJKB 


¥j£l0*p(1998)5/|26B 












(72)3gW# 


mm 






























am « 










»HiKKBl|rifJI2500#tt 


irvA8»8l 
















(74MSHA 


#att js# & 





(54) [smv&m trnmrfrs. -v^&ms^vwsoim 



(57) 
I 



fcAi-si ^{cov>r, *r©^rfflttfc#ire# z>m 
1 2%*s§(Da*#j^s iot&k* -a-w-T-o. 7 



* 25 



id 20 
« 

B 15 

e 
« 

40 |0 
E 

1 5 




5 10 15 20 



1 

4>ft < t i> , 12 °mm<Dmmm^<D si^t, 

0. 7%a±©fi*f>l£©TA^-?A£jlKib& 
[1***2] S«^7/K = !>Ai, 

'pft < t t>, 12 %*ffi<Dmmm&<D si^t> 
'>* < 1 1 . 12 %*m<Dmmi&<D si^h 

If*** 4] »#J«2fc|E*©«8ifflTA'5=*A£& 

Mk~tZ feifffl T * 5 = 9 b ft 5 »£. <Dmt% 30 

[ft** 5 ] ft** 1 WEitflXgiSfflTA' ^ = 9 

[ft** 6] W#*lfcflE*<0^ffl7Vl' $ = 

jS»6 ft* MM y ^ 1—, 
[8***7] m^K6(cCtt«>s/p 
A/-eft*rtMMfflixy y^yn 

[3SW©#*fcK9n 
[0001] 

I 0 0 0 2] 

[0 0 0 3] iilfrtMl© fc°x h L 
■CI4T/W5 = ^A (Al) -a-^fflV^nT^fCo :© 

r^^^AMciii/yay (s i) asaanstu & 50 



11-335767 

2 

[0 0 0 4] *©±5*7/L'5-!>A^M, ^©-Y 
I's* ? h©$fflr?*fcfi&)&frr£©-r f=*y htfcfi 

[0 0 0 5] 

tvu 5 = £ &M&<D&mmik&vs*ftzjcm (f 

e, Mn, Cr, Ti, V, Zrf) 

*jvvrwu M9<da 1 -s i^sni-*-f mm 

[0 0 0 6] $£%<DTsl'^~'}J*&&Mi&%8i\Z.&^X 

tt, z o&mmfc&%)<D%L¥&%imT&ux'!$.& t-c 2 0 

M m fe 5 V *ri«i£Lk0>*: £ § |C ft o -CSftW** left 
fc-fS. £<0J:$|£&KMfc^©«^iM'X:9S**vx 
£ „ afltoJJKW** § < »ft < ft o T^iti* 

/jSffiTL, 4fcigfi*t-?^X>6S^-£ftoT»m« 

[0 0 0 7] $foli*j!HP*»6*|W«6«:i:LT3ltm 

«M?*©tfrf # $ e> (cj^ft Lt^t < ft 9 
§P)(^F^-(-ft2.o 

[000 8] ^H^^©^*Pii@-C'«^ffl^Jfe 

•r r £ k j; «9 , « a ©«*sjwii»» $ nr^f^ffl nam 

ibbti. &M>n*<Df£mmMZ*i5ZbtftobtiX^ 
Z> 0 Lfc^ot, Al-S i^t^VNT, ^1*^© 

XSr«itf 1 0 m m8US£JlT»J:*»/hS < T*t 

[0009] L^Lft^b, r©«tpft^JRIBfli##iro 
^■y--Y X^r^fc/h^ < LtcA 1 - S i ^iciov^ 

[0 0 10] *3BWtt±B©jSS:#*bfc'b©T*>o 
[0011] 

1 2%*«©amSiJ'g'©S ij*4>£, ^U-T'0. 

7 %K±©ii^o7^ 5 - t mit^^jRiiQ^ 



3 

[0012] i-&*>-^ *^T'ttA i tmk&&mm 

fci}®*ftZ>7im (Fe, Mn, Cr, Ti, V, Zr 

^m^m-^m^-^ x& i o/im^Ti-rs-tKJ; 

[0013] $ e> ic*%mx\*. m*mft<DTju ? - ? io 
a t , < 1 1 , 12 %mwi<Dmmm&<D s i 

[0014] r<D±5 fc«HR^O**|Bae-C, ^®!^ 20 
[0015] $ 5> \Z&mmX*ti, &*f$&<DTAs 5-^7 

i» i: » < t i> , 12 %**r<o**tte© s i f&ft 
[ooi6] r©^tc<t"9, ffl»0>.fc${c» jftjK^^ 

[0017] $ h tC*|gfBT-tt, ±E^igfflT^5 = ? 

[0 0 18] ^©fllj&ieiftli, «RJSfflr>U5 = 9^ 

[0 0 19] ±ffi«8tfl!T A* 5 - ^ A^Wif jgffl i^ro 

[0 0 20] ±Wft*Jf TA'S = ?A£-kl§Hgffli§©8lJ 
©09£ Lt«|»li'!J tfhZo 
[0 0 2 1] Sfc, #|PJ©TA^~!7^-£-&3rfflV\fc 
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[0 0 2 2] 

[isK©^JS©^ffi] nit 

* bwasjwfrf*. hwti, b°^h^t°y5, 
K6*5j;05^7>^7~i»7^L-C^7>-^ 

^yKffifctt, t^f9*Jj:0!»Mfl0«$ 
l*3«tt^^t#l 2#IS#iS*t 

[0 0 2 3] roj; j'ixVv'Vl rot"^ h>'4 J ^'>!J 

[0 0 2 4] B2tt, *»W^ff5«BtfflT4/5 = !>A 
^*»jlrt-«fc«)©*«l^©«J«B3T?*)9, 0 3 fir 

[0 0 2 5] 02 i o \c y ±gp{ctS:AP n^f 

»Lfc»»2 0*ipfi-fs. ^ikbfc-a-^ (#») 2 0 
li^^tt^C^b^n 8©iSgi5^e>n-7 2 lie J: 

W<nmMfrb'&^£fa%tcfr$>bn<D]fcM&Mti^ at- 
«fc 5 lejafiE^^^CtaHdSBfr-crtW* 5 **© 

[0026] rroi5^^fflv^^igp n B ^i!^-r5 
S-a-©7a-^^-htr0 3lC^-r o *-f, *3S9i&& 
© 1 o©^|T?S)5WT©* 1 IC^-tlSj&WA 1 - S i £• 

^y^FMLt, :M»i8 (02) 
©SAP 1 7*»e>j5tA-T5 Ufy/Sl) . 

[0 0 2 7] 

[*1] 



(4) 
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mass* 



• a 


Cu 


Mg 


Fe 


tan 


Cr 


11 


Al 


10 -0-12.0 


4.0-4.6 


.0.5-0.7 


0.2-0.3 


0.2-0.3 


50.1 


^0.2 


bal. 



[0 0 2 8] #MS©^V=fyh^AU 

[0 0 2 9] ro^y^7f»U mM(D£ 

?icmmKm<D$twmw2 4 02) ^xvmm&m* 10 

2 ) „ rott, Si ^fr*£«*§i]3"t? l 2 i 
^«/Jn£ < ft <Q . fifc^F e, Mn, Cr, T i k A 1 k 

<5o 

[0 0 3 0] r<£>4§£\ T/V*-VJ±<F>mnttt LT, 20 
!)y (P) , ^hy^A (Na) % XFnyf^A (S 
r) „ (Sb) <t*»aiLT*3<rilCJ: 

ffiii^nSo 

[0 0 3 1] ^Si<Dli%i:LtlO. 0~12. 
0<Dm^htciK 1 0 %1HT<DM x. ff 5 % ~ 1 0 %T? 

[0032] 5 (cfC^gM<b^o»^f--YX 
5) o rwtt, T^5-9A^oifUy hSr^jBfcU 

K^m&izMmLxfrb, -rttt>ib&B,m& «5 7o 
°o *mtt^MM\zMmhxfobm^%^kifim% 

U\ «8SfflrtT?ilP«lLJP||MU-«BftLfct> 

j^u bzw*®mMft>xMmLxzti*ffimftx 
fmisXt>£\<\ wmimtbbifim&m 

[0 0 3 3] fc^T, ifjg n B p©3SSSriaifeSfcfc{c^A 40 

e) . wmmx%mLxmft*&KX®maxiim&i& 

71*5 (^T7/S 7) o 
[0 0 3 4] 04fi, ilE^WIuiST/V^^A^ 

&*m^x$m-tz> v ><om<om^mxh 9 , h 5 

[0 0 3 5] 04 {C^-f* «fc 5 C\ A/K/Jgtf 16 (i 
1) \z.Ml&1-Z>&U2 5t3it) ! ijtl7r^^-7o- 
^Ofc»©Bfl*|J2 6£W-T5±M2 7 #l2 8a 
*5£W12 8 b^f,*5Tl2 8 tofli:, ftfr3£<D;£ 50 



9^JfA$tlSo •*»a2 8b©M»lctt«BSift*riJffla 

3 Ofittffiv'y 0AlcJ:9BftS*bS. 

[0 0 3 6] H5 (A) iC^-totSC «Btft©tf;*b 

y||t3 2i^ ^©nafij^c bfc^o -c 7 r -f ^ 

77VK^!) y^lfrfcitftf* h V^y^m^%TM^L 
U 0 5 (B) tc*i-j;5(-t^ b^3 3^^1"5, 
[0 0 3 7] 0 6(1, *38W*safflS*l*'>y ^^7*o 
y^»»fffi|2I-efc5o ^ip^v^s/ h 3 6^tU T 
g|5|Ci7y^^^3 7mM^tltOV yf-fvy* 3 4 

sarstt*. r©->yyy7^t-3 5©rti«ot 
■c, ro^y istfu-r— fcovvrt, hu^©*^mic 

K*MftLTt>J:v\ 

[0038] 07 {4, Al-Si £dfe0>&m*Hfc£*© 
X&Z>„ H*»fe^*»5 =t 5 lOnmSi 

[0 0 3 9] 0 8«, ^WI-^S^fflT^^-'J'A 
^©«ttitf*-e*>S. (A)lllOOfif, (B) tt 

4 0 0ft*t. »feW^&*Wfl2^*-C?*9, tt^ 

[0 0 4 0] 

[3gpj©^m] w±mpjLfcj;5c #mx*\t, mm 
m&x-i 2%3zm<Ds i b&$rxo. 7%u±<Dmmm 

kZtti-ZT/is^-V^Mz&^x, ^Bfi^wifi 

mm&zmm-rz-kizxv)^ ^mmt^m^mm 



[0041] z<Di:5*im&8,bLx. ftmmmwx 

[02] *36WCfflv^S»SPJF©«i«H. 

[03] **w©«Btift»Jtn«©7P-^-v-h. 

[04] ^WTffl^3«8S®©«JSB. 

[05] H4©a[SrfflV^X«BtLfctr^ b^oWffi 

0o 

[0 6] **wa$jiffl*ix5^!>^^oy^©»riii 

0c 

[0 7 ] &mm<k&®<Dmh%£.mm<Dyy ? 
[0i] 

14 <\» „ 15 JO 
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* [0 8] #3SPJItc#57/i^ = ?i^&©K«i^ 



[0 9] Al-Si(D^ffi0 o 

1 : iyv5y x 2:->yy^By^ 3:^y>^7 
-Y^-— , 4 : fc°* 5 : h 0 * b^t"^ 6 : =i>P 

y K, 7 : ^7^T-A, 8 : * 7 9 : 

t> 1 0 : m%W, 11: fWWK 1 2 : 1 
3 : * a y h'K 1 4 : 1 5 : jfofc^9 

10 ^16: 1 7 : SAP, 18: 

1 9 : fc — 2 0 : fflh 2 1 : o-7, 2 3 : 
*Bff#, 2 4 : tg#^B, 2 5 : 2 6 : HflgB. 2 

7 : ±1L 2 8 : TSL 2 9 : If Uy K 3 0 : ^fflL 
#,31: 7rt > ^7B- 3 2 : l?* b 3 
3 : fXfy, 34 :•>!) V#-fu y ? , 3 5 : $/ U > 
^7^7—-, 3 6 yK 37:77^ 



[02] 







[03] 




si 






S2 







~r~ 



S3 



S4 



[0 5] 



[06] 






mm 


S5 








mum 



S6 
S7 
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(51) Int. CL 6 figlJIE^ FI 

C 2 2 F 1/043 C 2 2 F 1/043 
// C 2 2 F 1/00 6 0 1 1/00 

6 3 0 



6 5 1 

6 8 3 
6 9 4 



6 0 1 

6 3 OK 

6 3 OG 

6 3 OD 

6 5 1 B 

6 8 3 

6 9 4 B 



